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Abstract 
This papers aims to study water and electricity for sustainable development around Qattara Depression in Egypt. 
This study suggests target level ranging from 170-165 (m) rather than 175 (m) upstream High Aswan Dam (HAD) 
and release the water for cultivation purposes in the Old Delta land from Assiut to Qattara Depression.  Historical 
data for (HAD) was collected to compare target level, release, evaporation, and hydroelectric energy value from 
(HAD). The irrigation requirement for Old Delta cultivation was estimated according to soil type and Evapo-
transpiration. The hydropower generation from Qattara Depression before and after filling time was studied. The 
result of this study shows that target level of 170 (m) is a perfect solution for smart operation for (HAD) that could 
be used for agriculture and hydroelectric generation purposes, especially in high flood seasons when excess water 
released to Toshka spillway and evaporated.  The hydroelectric power generated in Qattara Depression does not need 
filling time, high cost building dam, and more easier to export electricity to Sudan, Ethiopia and Europe through 
electric networks. 
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1. Introduction 
Qattara Depression lies in the northern part of the Western Desert in Egypt. It is a natural depression 
covers about 2% of Egypt area. The depression depth is about 134 (m) below the sea level. Clean electric 
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generation could be generated from net head of filling Qattara Depression. The Qattara Depression as a 
national project in Egypt can achieve the following accomplishments: 
x Defending the Nile River Delta and the Mediterranean countries as Egypt, Italy, Turkey, France, and 
Spain from the sinking or inundation of the Sea Level Rise (SLR) and reduce the cost of protecting 
coastal shores, Fig 1. The total volume of depression at zero (MSL) is estimated 1218 (trillion m3) 
which equals half quantity of expected  increased water inside Mediterranean sea in 21st century due to 
climate change; 
x Generate hydroelectric power of about 2000 (MW) from Qattara Depression (under the sea level by 
depth of -60 (MSL) in average ; 
x Desalinating water in large quantities; 
x Providing new areas, particularly for the refugee in case of the sinking or inundating of some parts of 
the Delta, due to the (SLR); 
x Supporting housing, fish farming, tourism, and agriculture [1]. 
 
Nomenclature 
 
A   surface area 
BCM   billion cubic meters 
E   evaporation rate 
ETo   reference evapo-transpiration rate 
g   acceleration of gravity  
GWH   giga watt hour 
h   net head  
HAD   high Aswan dam 
IR   irrigation requirement  
kc   crop factor 
kr  fraction of soil surface covered by vegetation  
MSL   mean sea level 
OAD   old Aswan dam 
P   power  
Q evaporation  evaporation loss 
Q in   inflow 
Q out   releases 
Q spill   spillage  
R   random variable for bank storage and seepage 
S   storage 
SLR  sea level rise  
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t  time 
V  annual volume of water 
WL  water level  
η   efficiency  
ρ   density 
 
  
 
Fig. 1 (a) Qattara Depression defending the Nile River Delta from the sinking or inundation of the (SLR); (b) Cross section A - B; 
(c) Cross section 1 - 2; (d) Cross section 3 – 4 
The objective of this study is to suggest sustainable development for the area extends from Old Delta in 
Egypt to Qattara Depression. To achieve this objective, the two elements for sustainable development of 
this vast area, water and power, were estimated. Water was estimated according to operation rule of High 
Aswan Dam (HAD) and irrigation water requirement for agriculture pattern purposes. Power were 
estimated according to hydropower generation from Qattara Depression and from (HAD). 
2. Water for sustainable development 
2.1. Methodology to estimate water release from (HAD) 
The current operating rule of (HAD) is to maintain target level of 175 (MSL) upstream dam by 1st 
August. The main purpose in selecting this target level is to allow sufficient volume for the coming flood 
and maintain storage for expected drought. Annual release of 55.5 (BCM) is used for agricultural 
purposes. The reservoir emergency maximum level is 183 (MSL).  The water balance of (HAD) is shown 
in Fig 2. 
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Fig. 2 Water balance of (HAD) [2] 
System equation of (HAD) is estimated as follow: 
 
 S(t+1) = S (t) – Q out (t) + Q in (t) –E (t) A(S(t)) – Qspill (S(t)) + R(t)                    (1) 
 
Where :  
A : surface area, (10E+06 km2) 
E : evaporation rate, (10E-03 mm/day) 
Q in : inflow, (m3/day) 
Q out : releases, (m3/day) 
Q spill : spillage, (m3/day) 
R : random variable for bank storage and seepage, (0.01204 BCM / 30 days) 
S : storage, (m3) 
t : time, (day) 
 
(HAD) boundary conditions 
 
 S (min) ≤ S (t) ≤ S (max)                                                  (2) 
 
 Q out (min) ≤ Q out (t) ≤ Q out (max)                                          (3) 
 
S (min) is the minimum dead zone storage of 31(BCM), where minimum water level of 147 (MSL) is 
required to start operation of hydropower turbines. S (max) is the maximum storage of 162 (BCM), where 
maximum water level of 178 (MSL) is start operation of Toshka spillway. Qout (min) equals 
0.08(BCM/day), this minimum release is in January when irrigation network maintenance is carried out. 
This period is called winter closure period in Egypt. Qout (max) equals 0.23(BCM/day), this maximum 
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release is in May to prepare the reservoir for the next flood in August when the hydrological year in 
Egypt begins [2]. 
 
Evaporation estimation 
The annual volume of water lost by evaporation is estimated as follow [3]: 
 
 
 A=22.296 exp0.0311(WL)        (4) 
  
 
V=A × E × 365/1000000        (5) 
  
 
Where :  
A : surface area, (km2) 
E : evaporation rate, (mm/day), E in Jan=5.5, E in Aug=10, E annual=7.2 
V : annual volume of water, (billion m3/year) 
WL : water level, (m) 
 
Historical data  
Discharges measurements of Dongola station in Sudan representing Q in inflow. Direct measurements 
representing Q out releases and evaporation rates.  
Drought Period  
During droughts there is a risk to release water for irrigation fearing to face water shortage. The problem 
of drought period is the flow in future is probabilistic not deterministic. This means that if water is 
released the probability of water shortage occurrence will be high risk.  
Proposed operation of (HAD)  
based on historical data and System equation of (HAD), 3 cases of operation were studied as follow: 
x Target level 175(m) at1 st August, the current operation rule 
x Target level 170(m) at 1st August  
x Target level 165(m) at 1st August  
Fig 3 shows the comparison of the above 3 cases for target level, release, and evaporation. The win is 
high for probability less than 50%. The high range of release could be used for agriculture irrigation 
purposes and flushing of irrigation system. The 3 cases reached 170 (m) level and 55.5 (BCM) at 50% 
probability. The evaporation is slightly decreased for 170 (m) target level and is considerably decreased 
of about 2 (BCM) at 165 (m). The historical drought period in 80th do not change for 3 cases of the 
suggested lower target level. Lowering target level to 170 (m) would safe high cost of Toshka spillway 
canal dredging to enlarge its cross section area to discharge high floods. Also lowering target level to 170 
(m) would increase hydropower generation. So the target level of 170 (m) is a perfect solution for smart 
operation for (HAD) that could be used for agriculture and hydroelectric generation purposes, especially 
in high flood seasons when excess water released to Toshka spillway and evaporated.  This new target 
level could be modified in the agreement between Egypt and Sudan which applied since 1959. This 
agreement estimated annual natural flow of 84 (BCM) is divided as, 55.5 (BCM) for Egypt, 18.5 (BCM) 
for Sudan, 9(BCM) for evaporation losses, and finally 1(BCM) for seepage losses. The release of water 
by lowering target level to 170 (m) is better for Egypt and Sudan. This would transmit suspended 
sediment load that improve soil productivity and decrease sedimentation in dead zone of (HAD). The 
average sediment load was estimated as 134 (MCM/year) in the period from 1870 – 1929. After operation 
of (HAD) in 1971 (26%) of this sediment is stored in the lake and (4%) is stored in the dead zone of lake 
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Nasser. The annual research field trip between Egypt and Sudan estimated the sediment load of 120 
(MCM/year). So the dead zone would be filled with sediment within 250 years. The accumulation of 
sediment would block the river stream due to the formation of new delta extends from Sudan to Toshka in 
Egypt [4]. 
 
  
 
  
Fig. 3 High Aswan Dam operation (a) target level; (b) release discharge; (c) evaporation 
2.2. Methodology to estimate irrigation water for Old Delta cultivation 
The Old Delta lies in the Western Desert of Egypt. It begins from the west of Assiut aligning the western 
outskirts of El Minya and Al Faiyum and terminated by Qattara Depression in the northern portion. Its 
sediment is paleodrainage, covering about 15 (m target level to 170 (m) ion feddans). Afify [5] studied 
the soil suitability for agriculture purposes of this area by analyzing data of Landsat Enhanced Thematic 
Mapper (ETM) 2002, Fig 4. This vast area could be cultivated by olives tree belts in between of these 
belts barley, wheat (grain crops), alfalfa (fodder crop), maize, and sun flower (oil seed crops) could be 
cultivated. Olive trees can withstand soil limiting factors and cover big deficiency of food oil 
production. The irrigation requirement is estimated as follow: 
 
 IR = (4200 x kr x Kc x ETo) / η       (6) 
High 
win 
Low 
loss 
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Where :  
ETo : reference evapo-transpiration rate, (mm/day) 
IR : irrigation requirement, (m3/day/feddan) 
kc : crop factor, (-) 
kr : fraction of soil surface covered by vegetation, (-) 
η : irrigation efficiency, (0.85) 
Estimation of evapo-transpiration 
The Old Delta is classified according to evapo-transpiration into 4 classes as shown in Fig 4. 
Table 1 shows evapo-transpiration 1st day of month in 2010. The evapo-transpiration data were 
collected from raster images from NOAA [6]. 
   
 
Fig. 4 (a) Nile River Delta, Old Delta, and (HAD), Land Sat image 2010; (b) Agriculture pattern in Old Delta, modified after [5] 
Table 1. Evapo-transpiration in Old Delta, (mm/day) 
ETo 
class 
1-Jan-
10 
1-Feb-
10 
1-Mar-
10 
1-Apr-
10 
1-May-
10 
1-Jun-
10 
1-Jul-
10 
1-Aug-
10 
1-Sep-
10 
1-Oct-
10 
1-Nov-
10 
1-Dec-
10 
1 5.29 6.78 7.61 13.01 13.17 23.87 16.13 14.49 16.41 16.56 6.53 6.61 
2 6.91 7.17 7.32 14.58 13.15 26.54 16.50 15.98 17.70 16.92 6.63 6.63 
3 8.71 7.58 7.83 14.94 13.94 22.87 16.21 16.35 18.14 16.81 6.30 5.19 
4 9.69 19.09 14.10 33.77 35.66 59.35 40.14 38.29 37.70 40.22 16.15 17.46 
 
Estimation of crop factor and fraction of soil surface covered by vegetation 
Table 2 shows crop factor and fraction of soil surface covered by vegetation. The start of 
cultivation and cultivation period was calculated according to FAO guidelines [7] and Dripp and 
sprink irrigation in Egypt [8]. The irrigation is 2 times weekly for olive, 2 times weekly for 
sunflower, 3 times weekly for alfalfa, Barley, maize, and wheat. The irrigation requirement is 
calculated for each crop and classified in descending order. The suitable area of each crop is 
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also classified in descending order. A weight is given to each crop according to minimum 
irrigation and area required. Table 3 shows estimated area for ach crop according to evapo-
transpiration. Table 4 shows estimated irrigation requirement to cultivate Old Delta.  
Table 2. Crop factor and fraction of soil surface covered by vegetation for crop pattern of Old Delta 
crop 
kr kc 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
olive 0.7 0.50 0.50 0.65 0.61 0.57 0.48 0.45 0.45 0.49 0.56 0.63 0.50 
alfalfa 1 1.26 1.57 1.56 0.99 0.99    
start 
cultivation 0.41 0.41 0.59 
Barley 1 0.92 1.15 1.14 0.72      
start 
cultivation 0.30 0.43 
maize 1    
start 
cultivation 0.34 0.87 1.10 0.78 0.27    
sunflower 1    
start 
cultivation 0.39 0.89 1.10 0.73     
wheat 1 0.92 1.15 1.14 0.72      
start 
cultivation 0.30 0.43 
Table 3. Crop area according to evapo-transpiration in Old Delta, (feddan) 
ETo class Olive Alfalfa Barley Maize Sunflower Wheat 
1 85,807 686,458 1,072,591 943,880 386,133 1,115,494 
2 644,581 1,054,769 1,347,760 1,230,564 175,795 1,406,358 
3 69,741 129,519 229,150 199,261 79,704 288,928 
4 2,136,119      
Total area 13,282,611 
 
Table 4. Irrigation requirement for Old Delta, (BCM/year) 
ETo class Olive Alfalfa Barley Maize Sunflower Wheat 
1 0.19 1.03 0.84 1.22 0.79 0.000006 
2 1.55 1.83 1.23 1.85 0.42 0.46 
3 0.17 0.18 0.17 0.21 0.13 0.20 
4 11.91      
Total area 24.39 
 
The Central Agency for Public Mobilization and Statistics (CAPMAS) in Egypt reported self-sufficiency 
percentage for maize and wheat were 64.7 and 57.9 in 2006 respectively. Capita consumption of cereal 
and Oil Crops were 329.6 and 3.4 (kg) respectively [9]. This reflects the growing needs for cereal and oil 
crops in Egypt that could be offered from Old Delta cultivation.  
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3. Hydroelectric power for sustainable development 
3.1. Hydroelectric power before filling time from Qattara Depression 
The depression will take 20 years to be filled to level -50 (MSL) and will generate 7100 (million KWH) 
[10]. If it works 8000 (H) annually, then the annual total power will be 56800 (MW).   
3.2. Hydroelectric power after filling time from Qattara Depression 
The Ministry of Electricity and Energy suggested establishing hydropower station to work 4 (H/day) at a 
level from -60 to +215 (MSL) to generate 2400 (MW) and generate 4800 (MW) if work 8 (H/day). Table 
5 shows the depression filling time at levels -50 (MSL), -60 (MSL) with continuous water discharge from 
Mediterranean Sea to the Depression [10]. The filling period will be more than these computed in table 5 
as the water desalination can be produced of large economic quantities due to available hydro electric 
energy. Also large quantities of lake water will be evaporated. Electric power after filling time is 
estimated as follow [11]: 
 
 P= η Q evaporation × h × 0.764/(75 × 1000)      (7) 
 
Where: 
P    : power, (W) 
h    : net head (m) = Depression lake under Sea level (+60, +50) – Head loss (-17) 
Q evaporation : evaporation loss, (m3/s) 
Table 5. Qattara Depression continuous water discharge and electrical power after filling time [10]  
Depression lake under Sea level Unit -60 (m) -50 (m) 
Continuous water discharge m3/s 900 800 700 900 800 700 
Filling time year 16 23 42 20 28 48 
Equivalent level m 43 43 43 33 33 33 
Evaporation loss m3/s 620 
Annual electrical power (22hr/day) MW 1936 1486 
3.3. Hydroelectric power from (HAD) and (OAD) 
The installed capacity of (HAD) is 2100 (MW) consists of 12 turbines each generates 175 (MW). The 
installed capacity of (OAD) is 621 (MW) consists of 13 turbines. The power is estimated according to 
hydro turbine characteristic curves and power equation as follow: 
 
 P= η ρ q g h         (8) 
 
where : 
g : acceleration of gravity, (9.81 m/s2)  
h : net head (m) 
P : power, (W) 
Q out : water flow, (m3/s) 
η : efficiency (0.85 to 0.95)  
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ρ : density,  (1000 kg/m3) 
  
Fig 5 shows the comparison of the suggested 3 cases of target level for power generation from (HAD). 
The 3 cases reached maximum power of 10000 (GWH), 2100 (MW), at 40% probability. 
 
 
 
Fig. 5 High Aswan Dam operation for hydroelectric energy generation 
 
4. Conclusions 
The operation of High Aswan Dam (HAD) depends on water requirements for irrigation and power 
generation. The release from (HAD) could be diverted from the River Nile main stream from Assiut 
towards the Qattara Depression to cultivate Old Delta. A comparative analysis of decreasing target water 
level 1st august upstream (HAD) was performed.The storage at current target level of 175 (m) is 121.3 
(BCM) and the storage at target level of 170 (m) is 97.6 (BCM). Decreasing water level to 170 (m) 
upstream High Aswan Dam will decrease evaporation and increase hydropower generation without 
probability risk in drought period.  The difference between theses level is 23.7 (BCM) that is sufficient to 
cultivate 13 (million feddan) of the Old Delta in Egypt with barley, wheat, alfalfa, sunflower and olives.  
Qattara Depression has super potentiality of generating clean hydropower during filling period for 
minimum 20 years and also has high potentiality after filling period. This hydropower can support Egypt 
future needs and could be exported to Eastern Nile countries. The hydropower generation from Qattara 
Depression does not need filling time, high cost building dam. A win-win agreement could be achieved 
between Egypt, Sudan, and Ethiopia for sustainable development in the 3 countries. This agreement is to 
supply power from Qattara Depression to Sudan and Ethiopia for their growing development and they 
support Egypt needs of water.  
Acknowledgements 
The author wishes to thank Dr. /Mamdouh Hassan (ENTRO) Eastern Nile Technical Regional Office and 
Dr. /Ali Farag (WMRI) Water Management Research Institute, for their valuable guidance. 
1004   Mariam G. Salem /  Energy Procedia  18 ( 2012 )  994 – 1004 
References 
[1] Odaa KA. Attlas of climate change risks on egyption coasatal lines and due defening policies. 1rd ed. Egypt: Assuit 
University; 2010, p. 587–598. 
[2] Mamdouh Hassan. High Aswan Dam decision support system (HADDSS)-theoretical background and application. Egypt: 
Training Course; 2011. 
[3] Shafik NM. Study of evaporation loss in Lake Nasser. Egypt: PhD thesis. Ain Shams University; 2010.  
[4] Sherbini MI. The High Dam  and Qattara Depression. Egypt: 1st arabic meeting about arabic strategies in cancer fitting –
renweable energies – water resources management. Cairo University; 2010 
[5] Afify AA . Land resources evaluation of the paleodarainage delta in western desert of egypt using remote sensing data. J 
Sci Remote Sensing & Space Sci., 2009; 12. 
[6] Earth System Research Laboratory (ESRL). Visualize Surface Flux Data-Potential Evaporation Rate. USA: U.S. department 
of commerce. National ocanic and atmospheric adminstration. http://www.esrl.noaa.gov/psd/cgi-bin/DataAccess.pl; 2010. 
[7] Richard GA, Luis SP, Dirk R, Martin S. Crop evapotranspiration - Guidelines for computing crop water requirements-FAO 
Irrigation and Drainage Paper N0. 56. Rome: Food and Agriculture Organization of the United Nation FAO; 1998. 
[8] Maatouk MA. Dripp and sprink irrigation. Egypt: Anglo publisher; 1993. 
[9] Central Agency for Public Mobilization and Statistics (CAPMAS). Egypt in figures. Egypt: Central Agency for Public 
Mobilization and Statistics (CAPMAS); 2009. 
[10] El Bassyony A. A. Qattara Depression Project. Egypt:  Academic bookshop publisher; 2007. 
[11] Abd El Fattah A. A. Egyptian water secure. Egypt: Engineering centre for public services. Alexandria Faculty of 
Engineering; 1997. 
 
 
